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SPECIFICATION 

1. TITLE OF THE INVENTION 

Piezoelectric remaining amount detection device 

2. WHAT IS CLAIMED IS 

(1) A piezoelectric remaining amount detection device in which 
a vibrating plate having a surface on which a piezoelectric 
porcelain plate is fixed at a central portion is fixed to an inner 
wall of a case near a node of fundamental vibration of the vibrating 
plate . 

(2) A piezoelectric remaining amount detection device according 
to claim 1, wherein a portion of the case that is located between 
an attachment terminal provided on the case and the vibrating plate 
is formed to have a thickness and a height that are more than five 
times a thickness of the vibrating plate. 

3 . DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a piezoelectric remaining 
amount detectiondevicefordetectingthe r ema i n i ng amount o f powde r , 
liquid or the like. More particularly, the present invention 
relates to the piezoelectric remaining amount detection device 
in which an output signal has good temperature characteristics 
and a change in the output signal in accordance with a state of 
attachment of the detection device is small. 

As shown in Fig. 4, in a conventional remaining detection 
device (hereinafter, referred to as a sensor) , a piezoelectric 
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porcelain plate 2 is bonded to an inner surface of a metal vibrating 
plate 1, lead wires 5, 4, and 4 ! are connected to the vibrating 
plate 1 and surface electrodes 3 and 3 1 of the piezoelectric 
porcelain plate 2, respectively, and the vibrating plate 1 is fixed 
to a case 6 . When this sensor is attached to a container for liquid 
or powder, the lead wires 4,4' and 5 are connected to an external 
circuit, and a signal is applied to the piezoelectric porcelain 
plate 2, the vibrating plate 1 can be resonated around a resonant 
frequency of fundamental vibration. In a case where the amount 
of powder or liquid is large and the vibrating plate 1 of the sensor 
is arranged in powder or liquid, as shown in Fig. 7, resonance 
of the vibrating plate 1 is suppressed and only a small output 
voltage is obtained. On the other hand, in a case where the amount 
of powder or liquid is reduced so that the vibrating plate 1 is 
located above the powder or liquid, the vibrating plate 1 vibrates 
with a large amplitude and therefore the obtained output is large. 
In this manner, the remaining amount of powder or liquid can be 
detected based on the magnitude of the output voltage. 

In the conventional sensor, during resonance, a portion of 
the vibrating plate 1 that is fixed to the case 6 largely vibrates, 
as shown in Fig. 5. Thus, the vibration is transmitted to the 
case 6 to cause the whole sensor including the case 6 to vibrate. 
Therefore, in a case where the case 6 of the sensor, the lead wires 
4,4', and 5 are fixed to other powder or another external circuit, 
a state of the vibration of the sensor may be changed in accordance 
with a manner of attachment, thus changing the resonant frequency. 
Moreover, there is another drawback that a vibrating energy leaks 
to the outside, so as to largely lower the output voltage. 

Moreover, adhesive is usually used for fixing the case 6 
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and the vibrating plate 1 to each other. However, the hardness 
of the adhesive is changed by a change in an environmental 
temperature, thus causing a change in a state of vibration of the 
vibrating plate 1 and largely changing the resonant frequency or 
the output voltage of the vibrating plate 1. 

It is therefore an object of the present invention to provide 
a sensor that can eliminate the above drawbacks, is hardly affected 
by the state of attachment , a change in an environmental temperature , 
and the like, and can output a stable level of an output signal. 
An exemplary sensor of the present invention is now described with 
reference to the drawings. 

In Figs. 1 and 2, the vibrating plate 1 is formed by a metal 
plate in the shape of a circular disk. The vibrating plate 1 is 
supported by an elastic member 9 formed of silicone rubber or the 
like near a vibration node flj-Apf fundamental vibration, as shown 
in Fig. 3. When the vibrating plate 1 is supported, the silicone 
rubber 9 is attached like a circumference near the node of the 
vibrating plate in such a manner that the piezoelectric porcelain 
plate 2 and an end face of the vibrating plate 1 are accommodated 
in a first case 7 in the shape of a hollow circular disk, and are 
fixed to an inner surface of the first case 7. The first case 
7 is further fixed to one opening face of a second case 8 that 
is cylindrical and thicker than the first case 7 . To another opening 
face of the second case 8 , a third case 6 provided with an attachment 
terminal 6 1 is fixed. Connections of the lead wires 4, 4 1 and 
5 are the same as those in the conventional example and are drawn 
out to the outside through an insertion hole provided in the second 
case 8 or the third case 6 . The second case 8 is designed to have 
a thickness and a height that are five times a thickness of the 
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vibrating plate 1 or larger. Fig. 6 shows a change in the output 
voltage with respect to a ratio of the thickness and height of 
the second case 8 to the thickness of the vibrating plate 1. In 
Fig. 6, T 0 represents the thickness of the vibrating plate 1, Ti 
represents the thickness of the second case 8, and T 2 represents 
the height of the second case 8. As is apparent from Fig. 6, the 
change in the output voltage is small when the thickness and height 
of the second case 8 are set to be five times the thickness of 
the vibrating plate 1 or larger. 

The example of the present invention is described above. 
The present invention has advantageous effects set forth below. 

(1) Since the vibrating plate is fixed to the case near the node 
of vibration via the elastic member such as silicone rubber, a 
degree of transmission of vibration of the vibrating plate to the 
case is very small. 

(2) Even if the vibration is slightly transmitted to the first 
case, the change in the output voltage or the resonant frequency 
in accordance with the state of attachment of the attachment 
terminal of the third case to another object or the state of 
attachment of the lead wire is very small, because the thickness 
and height of the second case are set to be five times than |1|§ 
t hie lendo'o f those of the vibrating plate or larger, as shown in 
Fig. 6. 

(3) Moreover, almost no stress is applied to the vibrating plate 
by the first case even if an environmental temperature changes. 
This is because the vibrating plate is fixed near the node of 
vibration in an elastic manner. Thus, the change in the resonant 
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frequency or output voltage caused by the temperature change is 
very small. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a piezoelectric remaining 
amount detection device according to an example of the present 
invention. Fig. 2 is a perspective view of the piezoelectric 
remaining amount detection device. Fig. 3 shows vibration of a 
vibrating plate . Fig. 4 is a cross-sectional viewof a conventional 
piezoelectric remaining amount detection device. Fig. 5 shows 
vibration of a conventional vibrating plate. Fig. 6 is a 
characteristic diagram showing a change in an output voltage with 
respect to a ratio of a thickness and a height of the second case 
in the present invention to a thickness of the vibrating plate. 
Fig. 7 shows an exemplary application of the piezoelectric remaining 
amount detection device. 

1 vibrating plate 

2 piezoelectric porcelain plate 
3, 3' electrode 

4 , 4 1 , 5 lead wire 

6 third case 

7 first case 

8 second case 

9 elastic member 

Fig. 6 

Change in output voltage 
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